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INTRODUCTION 
The isoelectric point of an amphoteric substance may be defined as 
the hydrogen ion activity of a  solution or suspension in which the 
ampholyte shows no migration in an electric field.  This definition, 
which is quite generally accepted, is in accord with the original use of 
the term by Hardy (1899-1900),  as well as with the definitions given 
by Michaelis (1922) and S~rensen, Linderstr~m-Lang and Lund (1925- 
28).  Michaelis defines the isoelectric point, for the most general case 
which he considers, as the value of [H  +] at which equivalent amounts 
of positive and negative ampholyte ions are present.  S~rensen and 
his coworkers define it as the hydrogen ion activity at which the mean 
valency of the ampholyte is zero.  Obviously these theoretical defini- 
tions must correspond to the above experimental definition in terms of 
zero velocity of cataphoresis. 
The possibility that the value of the isoelectric point may vary with 
the presence of ions other than H + and OH-  has been considered by 
S~rensen and his coworkers (1925-28).  If some other negative ion, 
for example, were combined with or adsorbed by the ampholyte, giving 
it a  negative charge, it might well be true that this charge could be 
neutralized, and the ampholyte rendered isoelectric, only at a  more 
1 Presented  before  the  American  Society  of  Biological Chemists,  Montreal, 
April 10,  1931. 
2 Most of the experimental work was done by Miss Ruth C. Belden.  A few of 
the earlier measurements were carried out by Miss Esther R.  Mason and by Dr. 
Rubert S.  Anderson. 
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acid pH than that corresponding to the isoelectric point in the absence 
of such foreign ions.  In order for the isoelectric reaction to be com- 
pletely defined, it may be necessary to specify the concentrations of 
all  substances in the  system, or the  activities of all ions,  as well as 
that of H +.  Owing to the more marked effect of H + and OH-  on the 
charge of  ampholytes, it  seems reasonable  to keep  the  definition of 
the isoelectric point in terms of [H  +] or pH, recognizing that  it may 
not be a  constant quantity for any particular ampholyte, but  that it 
may vary with the presence of other ions. 
In the case of gelatin the isoelectric point was first determined by 
Michaelis and Grineff (1912), who located it as between [H  +]  =  1.6  X 
10 -5 and 3.5 ×  10 -~, average, 2.5 ×  10 -5.  In terms of pH these figures 
correspond to 4.80, 4.46, and 4.60.  Most subsequent determinations 
of this quantity for gelatin have been more or less indirect, and in the 
few cases where cataphoresis measurements have been made the iso- 
electric point has not been very exactly located.  Thus Loeb  (1922) 
interpreted his varied observations on physical and chemical proper- 
ties of gelatin as indicating an isoelectric point at pH 4.7, but Kraemer 
and Dexter (1927)  showed that very few if any of the earlier observa- 
tions  were  inconsistent  with  an  isoelectric  point  at  pH  5.0,  which 
they located quite exactly as the pH of the maximum light scattering 
(Tyndall  effect)  for  calfskin  gelatins.  They  showed,  however,  that 
the figures obtained depended considerably on the source and method 
of  preparation  of  the  gelatin.  The  writer  (1928-29)  found  that  a 
gelatin sample from the same source as  that used by Loeb, purified 
according to Northrop and Kunitz (1927-28),  had minimum osmotic 
pressure and maximum opacity at pH 5.05  q- 0.05, which was also the 
pH of solutions of this gelatin in water. 
Some of the discrepancies in previous results are  probably  due to 
differences in the gelatins used, and others to the more or less indirect 
nature  of  the  methods.  The  present  paper  reports  a  study  of  the 
isoelectric point of  samples prepared  according to  definite specifica- 
tions of  a  committee  (Davis,  Sheppard,  and  Briefer,  1929;  Hudson 
and  Sheppard,  1929)  of  the  Leather  and  Gelatin  Division  of  the 
American Chemical Society; hence it should be possible for workers 
in  other  laboratories  to  obtain  identical  material.  The  isoelectric 
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Houck (1930) to be at pH 4.9 ~- 0.10 by electric migration, and at pH 
4.9 q- 0.05 both by light scattering and by alcohol precipitation.  The 
results of the present work confirm those of these workers within their 
limits, but since somewhat different methods were used, and since the 
results permit of a more precise location of the isoelectric point, it is 
believed that a detailed report of the work may be of interest. 
The  gelatin  used  was  prepared,  according  to  the  specifications 
mentioned, in the laboratories of the Eastman Kodak Company.  8 
II 
Isoelectrlc Point from pH Values of Pure Gelatin Solutions 
It was shown by SCrensen (1912) that the pH of a pure solution of a 
simple ampholyte in water must lie between that of pure water and 
that of the isoelectric point of the ampholyte, approaching the latter 
figure as the concentration is increased.  Thus he calculated that for a 
molar solution of glycine the pH should differ from that of the isoelec- 
tric point by only 0.001 pH.  Similar considerations ought to hold for a 
colloidal ampholyte like gelatin or any other protein, even though it 
may not be possible to calculate the pH,  as S~rensen did, from the 
values of the ionization constants.  Hence it  seemed  reasonable  to 
measure the pH of a series of gelatin solutions of different concentra- 
tions, with the expectation that the values would approach a constant 
figure, that of the isoelectric point, as the concentration was increased. 
The  pH  measurements were  made  with  hydrogen  electrodes  at 
30°C., using a  KCl-agar junction.  The pH values are based on  the 
figure  1.075 for 0.1000  molal HC1,  liquid junction potentials  being 
assumed constant. 
The first measurement of a  1 per cent solution (Eastman Standard 
Gelatine, Lot 1) yielded the surprisingly low value of pH 4.61.  This 
was found to be due to an acid, presumably acetic, which was quite 
completely removed from the gelatin by further washing of a  5 gm. 
sample with 4  changes,  about  1 liter  each,  of  cold distilled water. 
After such washing, the gelatin gave solutions of  higher pH values, 
which were, for concentrations of 1, 2, 5, and 12 gm. per 100 cc., 4.90, 
The writer is indebted to Dr. S. E. Sheppard for two samples of  "Eastman 
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4.88, 4.87, and 4.86 respectively.  These values are shown graphically 
in Fig. 1, in which the pH values are plotted against the reciprocals of 
the gelatin concentrations in  gm. per  100  cc.  The value  obtained 
from this figure by extrapolation to infinite concentration of gelatin 
is pH 4.86  -4- 0.01, and it is this value which is inferred to be the iso- 
electric point of the gelatin. 
This method for determining the isoelectric point, as well as that 
used in the following section, implies that the ampholyte used~must 
be pure, or at least free from appreciable amounts of ions capable of 
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FIG. 1.  pH values of solutions of standard gelatin in distilled  water as a function 
of the reciprocal of the gelatin concentration.  By extrapolation to infinite con- 
centration, the pH of the isoelectric point is estimated as 4.86 ~  0.01. 
combining with it or altering its  charge.  Loeb  (1922)  has pointed 
out that a  protein is most readily obtained in such a  state of purity 
by washing or dialysis at the pH of its isoelectric point.  The method 
used in purifying the gelatin used in these experiments involves washing 
at  about pH 4.7, which is not the value obtained for the isoelectric 
point either of this gelatin or of that studied in the writer's former work 
(1928-29).  Theoretically it  should be  possible  to  remove the  last 
traces of electrolytes by prolonged washing with water, since proteins DAVID  I.  HITCHCOCK  689 
are weak electrolytes and their salts should therefore be hydrolyzable. 
That the washing of the gelatin here studied actually had this effect 
is indicated by the low ash content of the material, which was 0.04 to 
0.05 per cent, as well as its low specific conductivity, which was 3.8  X 
10  -5 reciprocal ohms for a 5.6  per cent solution at  30°C. and 5.0  X 
10  -5 for a  9.4 per cent solution.  Moreover the methods of Sections 
II  and III of this paper, which depend on the initial purity of the 
gelatin, gave results in agreement with those of Sections IV and V, 
which do not require that the gelatin be absolutely pure at the start. 
III 
Isoionic Point by pH Values of Weakly Bu~ered Gelatin Solutions 
S~rensen (1912) pointed out that the amount of acid or base required 
to bring a  solution of an ampholyte to its isoelectric point should be 
independent of the ampholyte concentration and identical with the 
amount required to bring an equal volume of pure water to the same 
pH.  He later (1917) applied this method to the determination of the 
isoelectric point of  carefully purified egg albumin.  In  a  still later 
paper S~rensen, Linderstr~m-Lang, and Lund (1925-28)  showed that 
this method would not necessarily give  the  isoelectric point if  the 
ampholyte were capable of combining with ions other than hydrogen 
or hydroxyl.  Accordingly they defined a  new quantity, the isoionic 
reaction, as the hydrogen ion activity* at which the quantity of add 
or base combined with the ampholyte is zero.  It is the isoionic rather 
than the isoelectric reaction which is given by this method of S~rensen. 
The method was slightly modified by Michaelis (1912),  who deter- 
mined the isoelectric points of the soluble ampholytes phenyl alanine 
and glycocoll by measuring the pH of dilute acetate buffers with and 
without the ampholyte.  On the acid side of its isoelectric point the 
pH of the buffer was raised by the ampholyte, on the alkaline side it 
was lowered.  Michaelis was thus able to locate the isoelectric point 
within a  few tenths of a  pH unit. 
It was suggested by Sheppard (1929) that this buffer method might 
4 Sg~rensen's  distinction  between pH and pall is here disregarded, as the standard 
of pH used in this paper is based on an activity coefficient for HCI and not on 
conductivity measurements, as was S~rensen's original definition of pH. 690  ISOELECTI~IC  POINT  OF  GELATIN 
well be applied to gelatin.  Accordingly measurements were made of 
pH in acetate buffers of varied  concentration, made up in each case 
with  and  without  gelatin.  The  gelatin  used  in  these  experiments 
(Eastman  Standard  Gelatine,  Lot  48)  had  been  more  thoroughly 
washed at the time of preparation, and no appreciable amounts of acid 
could be removed from it by further washing.  The pH measurements 
in this case were made at 30°C. with the hydrogen electrode apparatus 
of Simms (1923), in which contact is made with saturated KC1 in an 
open stop-cock.  The  standard  used was again pH  1.075  for 0.1000 
molal HCI.  The results are given in Table I. 
To find the isoionic point of the gelatin,  curves were obtained by 
plotting thechanges in pH produced by the gelatin against the pH of 
buffer  solutions of  the same  concentration without gelatin.  Fig.  2, 
which shows the data of Experiments 3 and 7 of Table I, is illustrative 
of the nature of all the curves, the others being equally smooth.  For 
each experiment the isoionic point is given by the intersection of the 
curve with the line of zero change in pH.  The figures so obtained are 
given in the last column of Table I.  Their mean value is 4.85, with 
an  average  deviation  of  0.01.  It  is  to  be  noted  that  this  value  is 
independent  of  the  gelatin  concentration  within  the  limits  studied 
(1 to 4 per cent) and of the salt concentration up to an ionic strength 
of  0.105  (Experiment  7).  Hence  it  may be  concluded that  within 
these limits the isoionic point of this gelatin corresponds to pH 4.85  -4- 
0.01. 
IV 
Isoelectric Point by Maximum Turbidity of Gelatin Gels 
While  the  definition  of  the  isoelectric  point  says  nothing  about 
turbidity, it is generally accepted that an acidity corresponding to the 
isoelectric  point  produces  a  maximum of  light  scattering  in gelatin 
gels.  In  a  previous study  (1928-29)  of another gelatin  preparation, 
it  was  found  that  the  pI-[  of  maximum opacity  was  identical  with 
that of minimum osmotic pressure, and the latter value has been shown 
by Loeb (1922)  to be theoretically identical with the isoelectric point. 
Accordingly it seemed worth while to investigate the behavior of the 
standard gelatin with respect to turbidity.  The method adopted was DAVID  I.  HITCI-ICOCK  691 
TABLE  I 
Isoionic  Reaction  of Standard  Gelatin by pH of Acetate 
Gelatin 
Buffers  with and without 
Exp. no.  Normality of Na 
acetate in buffer 
0. 001 
0.001 
0.001 
0.005 
0, 005 
0. 005 
Gelatin per 
100 cc. 
gm. 
1.0 
2.0 
4.0 
1.0 
2.0 
4.0 
b  pH of 
uffer with- 
out gelatin 
4.47 
4,67 
4.85 
5.08 
5.24 
4.47 
4.67 
4.85 
5.08 
5.24 
4.47 
4.67 
4.85 
5.08 
5.27 
4.03 
4.26 
4.47 
4.65 
4.86 
5.05 
5.27 
5.52 
5.74 
4.47 
4.65 
4.86 
5.05 
5.27 
4.44 
4.63 
4.83 
4.99 
5.25 
pH ot 
buffer w 
gelatb 
4.70 
4.79 
4.86 
4.90 
4.95 
4.75 
4.81 
4.85 
4.88 
4.90 
4.80 
4.83 
4.86 
4.87 
4,87 
4.19 
4.39 
4.56 
4.71 
4.86 
4.98 
5.09 
5.18 
5,24 
4.66 
4.77 
4.86 
4.94 
4.99 
4.66 
4.75 
4.83 
4.89 
4.94 
Change in  pH 
th  pH due to  of isoionlc 
gelatin  reaction 
+0.23  4.84 
+0.12 
+0.01 
-0.18 
-0.29 
+0.28  4.85 
+0.14 
0.00 
-0.20 
--0.34 
+0.33  4.86 
+0.16 
+0.01 
-0.21 
--0.40 
+0.16  4.86 
+0,13 
+0.09 
+0.06 
0.00 
-O.07 
--0.18 
--0.34 
--0,50 
+0.19  4.88 
+0.12 
0.00 
--0.11 
--0.28 
+0.22  4.84 
+0.12 
0.00 
-0.10 
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TABLE  I--Concluded 
Exp. no.  Normality of Na 
acetate in buffer 
0.005, in 0.1 N 
KCI 
Gclatin  pcr 
100 cc. 
1.0 
pH of 
buffer with- 
out gelatin 
4.37 
4.56 
4.77 
4.97 
5.21 
pH of  Change in 
buffer with  pH due to 
gelatin  gelatin 
4.53  +0.16 
4.67  +0.11 
4.80  +0.03 
4.91  --0.06 
5.01  --0.20 
pH 
of isolonic 
reaction 
4.84 
Average ..........................................................  4.85 
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FIG. 2.  Change in pH of acetate buffers, produced by gelatin in solution, as a 
function of pH of buffers of the same concentration without gelatin.  These curves 
show the data for Experiments 3 and 7 (Table I).  The isoionic point is given by 
the intersections with the line of zero change, and is at pH 4.85  4- 0.01. 
the simple one described in the previous paper, which consists simply 
in the inspection in ordinary daylight of samples of gelatin solutions of 
equal volume and varied pH which have been allowed to set in uniform 
test tubes in a refrigerator.  The pH values were determined at 30°C. 
after melting the gels in warm water. DAVID  I.  ttITCHCOCK  693 
In the first experiment Lot 1 of the standard gelatin was used, after 
the excess acid had been removed by washing,  as already described. 
The concentration of the gelatin was 1 gm. per 100 cc., and the pH was 
varied by the addition of very dilute HCI.  The gel showing maximum 
opacity was in 0.0001 N HC1 and had a pH value of 4.85, while those 
adjacent in the series were in 0.00005 and 0.00015 N HC1, with pH 
values of 4.86 and 4.82 respectively.  Before this gelatin was washed 
free from acid, the maximum turbidity of 0.2 per cent and 1.0 per cent 
solutions was found to be at pH 4.85 and 4.87 (±0.05) respectively, 
the tubes in this case requiring the addition of dilute NaOH to produce 
these pH  values. 
In the second experiment the gelatin used was from Lot 48.  The 
pH was varied by acetic acid in 0.001 N sodium acetate, the solutions 
being those of Experiments 2  and 3  in  Table I.  In  each case the 
turbidity was at a maximum in the middle solution of  the series,  so 
that from these observations the pH of maximum turbidity may be 
placed at 4.85 ±  0.03. 
V 
Isoelectric Point by Electrical Migration 
By definition the most direct way to determine the isoelectric point 
is by determining the pI-I corresponding to zero migration in an electric 
field.  Previous determinations in the case of gelatin have been made 
by the macroscopic U-tube method of cataphoresis, and the results, as 
already mentioned, have not defined the isoelectric point very exactly. 
Since it had been shown by Loeb (1922-23b)  that collodion  particles 
suspended in a gelatin solution behaved in migration experiments as 
if they were particles of gelatin, it seemed likely that such suspensions 
might be  used for  an  exact determination of  the  isoelectric point. 
Similar determinations have been made in the case of egg albumin by 
Abramson  (1928), who  used  quartz  particles  which  behaved as  if 
coated with the  protein. 
The migration was conducted in  a  cell  of the type described by 
Northrop and Kunitz  (1924-25, see also Mudd, 1928), the source of 
potential being a radio "B" battery of nominally 135 volts.  Observa- 
tions were made with a microscope equipped with an 8 mm. objective 694  ISOELECTRIC  POINT  OF  GELATIN 
(20  X) and a  10  X  ocular.  At first direct illumination was used and 
very  few  particles  were  visible.  Later  the  visibility  was  greatly 
increased by the use of a  Leitz Model E  dark field condenser, which 
has ample working distance for a  cell of this thickness.  Illumination 
was  obtained  from a  Zeiss microscope  lamp  containing  a  I00  watt, 
110 volt projection bulb. 
The collodion suspension  5 was prepared as described by Loeb (1922- 
23a).  Two drops of this suspension were added to 100 cc. of 0.1 per 
cent gelatin made up in dilute acetate buffers of varied concentration. 
The gelatin was Lot 48 of the standard  preparation.  The pH deter- 
minations were made at 30°C. in the Simms hydrogen electrode vessels, 
while the migration experiments were made at room temperature,  20- 
22°C.  Readings were taken at six different levels in the cell, spaced 
at I, 3, 5, 7, 9, and  11 twelfths of the total thickness, velocities being 
determined with a stop-watch and an ocular micrometer scale.  When 
the velocities for a  given suspension were plotted against  the depths 
in the cell, the points fell fairly close to parabolas, as demanded by the 
theory of Smoluchowski  (1914).  The  deviation of individual  points 
from a  smooth curve was such that  it seemed safer  to take the true 
velocity as the average of all those observed, rather than to take read- 
ings at only that  depth  (0.211  of the  total thickness from either  top 
or bottom)  which  should theoretically  give observed velocities equal 
to the average,  e  It may be noted that the average of velocities at six 
levels gives a  figure  which  is  larger  by  1.35  per  cent  than  the  true 
average  height  of  a  parabola.  No  reversal  of  the  motion  near  the 
walls of the cell was observed, such as that noticed by Svedberg and 
Andersson  (1919)  for  certain  inorganic  sols.  The  parabolic  curves 
through  the observed points always extrapolated  to zero velocity at 
the walls of the  cell.  This  is  in  accordance  with  the  conclusion  of 
Abramson  (1929-30) and means simply that the protein was adsorbed 
on the walls of the vessel as well as on the particles. 
The velocities are expressed as observed in # per second.  They have 
The writer is indebted to Dr. M. Kunitz for the collodion suspension used in 
these measurements. 
6  This theoretical prediction is due to Smoluchowski (1914).  It may be added 
that the same theory predicts that the average velocity should be equal to 2/3 of 
the velocity observed at the middle level in the cell DAVID  I.  HITCHCOCK  695 
not been recalculated to unit potential gradient because the reproduci- 
bility of the observed velocities was much higher than that  obtained 
in attempts to calibrate the cell by the methods described by previous 
workers (Northrop and Kunitz,  1924-25; Abramson, 1928-29).  The 
potential drop in the cell, as obtained by the various methods of cali- 
bration,  appeared to vary between 7 and 10 volts per cm.  It is be- 
lieved that these latter variations are not real, but are due to the in- 
adequacy of the  calibration.  An approximate reduction of  the ob- 
served velocities to unit potential gradient may be obtained by dividing 
them by 8.5. 
Each experiment was run in duplicate with separate mixtures.  The 
results are given in Table II. 
The table shows that the agreement of pH values in the duplicate 
experiments was  almost  perfect,  as might  be  expected for buffered 
solutions.  The  agreement  of  cataphoretic  velocities,  while  less 
satisfactory, is such that the duplicate determinations may safely be 
averaged.  The average velocities were plotted on a large scale against 
the average pH values for each concentration of sodium acetate, and 
a smooth curve was drawn by means of a flexible spline held by weights 
on all of the points.  It was at first thought that the points of each 
experiment could best be represented by a  straight line, but after all 
the data were plotted a  consistent deviation from linearity  was ob- 
served in every experiment.  In order to get a  curve to pass through 
all the points, it was necessary to draw it somewhat S-shaped.  The 
curve of Fig. 3, which shows the results in a buffer 0.001  •  with respect 
to sodium acetate, is  typical.  The points indicated by crosses  were 
obtained from a  separate experiment, not given in  Table  II,  which 
was done after the curve was drawn.  The data show no indication of 
a  flattening of the  curves at  the isoelectric point,  such as would be 
expected if the isoelectric region were not sharply defined. 
From each experiment at a given salt concentration, the pI-I of the 
isoelectric point was obtained by the intersection of the curve with 
the line of zero velocity.  The values found in this way are given in 
the last  column of Table II,  the average being pH 4.80.  The data 
are probably not certain enough to warrant the inference of a trend in 
the values with salt concentration, although the values at the lower 
concentrations are slightly higher.  It can only be concluded that the 696  ISOELECTRIC  POINT  OF  GELATIN 
cataphoretic isoelectric point of gelatin-coated collodion particles is at 
pH 4.80  4- 0.01,  a  value which differs by 0.05  from that obtained in 
TABLE  II 
Isoelectric Reaction of Standard  Gdatin by Cataphoresis of Collodion Particles in 0.1 
Per Cent Gelatin in Acetate Buffers 
Total E.~.F.  =  133  to  137  volts. 
Potential gradient in cell =  8.5 volts per cm. (approximate only). 
Temperature, 20-22°C. 
pH values at 30  ° by hydrogen electrode. 
Algebraic sign of velocity is that of charge on particles. 
Conc. N~ 
acetate 
xt 
0.001 
0.003 
0.005 
0.010 
0.020 
O. 030 
0.040 
Ratio of acetic acid to Na acetate 
1.85 
pH  # per  pH 
~ec. 
4.52  +4.08]  4.69 
4.53  +3.381  4.70 
4.68 
4.47  +4.00  !  4.65 
4.46  +4.321  4.64 
4.44  +3.38  4.62 
4.44  +3.23  4.62 
4.41  +3.18  4.59 
4.40  +2.94  4.59  [ 
4.39  +2.34  4.58! 
4.401+2.89  4.58  I 
I 
4.45  I +3.47  4.64 
4.47  [ +3.70  4.64 
4.44  I +3.78  4.62 
4.46  [ +3.29  4.64 
1.20 
u per  pH 
5ec. 
+1.77  5.01 
+1.78 !  5.01 
+2.07  5.00 
+2.24  5.01  I 
+2.00  5.00  I 
+1.74  5.00 
+1.84  5.00  I 
+1.75  4.97 
+1.62  4.981 
+1.58  4.97 
+1.48  4.97 
+1.75  5.00 
+1,85  5.00 
+1.63  4.99 
+1.85  5.01 
0.48  O. 
per sec.  pH 
--2.97  5.15 
--2.96  I  5.15 
--2.97 
--2.24  5.18 
--2.42  5.17 
--1,68  5.18 
--2,05  ]  5.18 
--1.44  5.16 
--1.51  5,18 
--1.45  5.17 
--1.26  5.17 
--2.35  5.17 
--2.20  5.17 
--2.17  5.16 
--2.02  5.19 
Average  ..................................................... 
* In the second experiment with 0.010 ~  acetate the gelatin concentration was 
only 0.01 per cent instead of 0.1 per cent. 
the previous sections for the isoelectric or isoionic point of gelatin in 
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The cause of this difference is not given by the present data.  One 
might speculate that there is an effect of salt on the isoelectric point, 
tending to lower its pH, which does not vanish even at 0.001 ~, or that 
possibly the collodion selectively adsorbs more of the heat coagulable 
\ 
~+I 
O., 
it 
°  \ 
\ 
4.6  4.7  4.8  49  5.0  ~! 
pH 
FIG. 3.  Velocity of cataphoresis of collodion particles in 0.1 per cent gelatin in 
acetate buffers as a function of pH.  The isoelectric point is given by the inter- 
section of the curve with the line of zero velocity.  This curve shows the results 
with a buffer containing 0.001 ~r sodium acetate, the intersection being at pH 4.81 
in  this  case  (Table  II). 
protein~in  the gelatin,  which has been shown by Sheppard,  Hudson, 
and Houck (1931)  to have an isoelectric point in the vicinity of pH 4.0. 
It may be noted that none of the above methods gives any indication 
of the existence of two isoelectric points at widely separated pH values. 
The  inference  of Johlin  (1930)  that  gelatin  apparently  has  two iso- 698  ISOELECTRIC  POINT  OF  GELATIN 
electric points at pH 4.68 and 5.26 was made from the intersections of 
certain  viscosity  curves.  The  more  direct methods of  the  present 
work lend no support to such an assumption. 
VI 
SUMMARY AND CONCLUSIONS 
Two  samples  of  a  standard  gelatin  were  studied,  both  prepared 
according to published specifications and washed free from diffusible 
electrolytes.  The isoelectric point of this material was determined in 
four ways. 
1.  The pH values of solutions of gelatin in water approached the 
limit 4.86  i  0.01  as the concentration of gelatin was increased. 
2.  The pH values of acetate buffers were unchanged by the addition 
of gelatin only at pH 4.85  +  0.01.  This gives the isoionic point of 
S~rensen, which is the isoelectric point with respect only to hydrogen 
and hydroxyl ions. 
3.  Gels of this gelatin made up in dilute HC1 or NaOH, or in dilute 
acetate buffers, exhibited maximum turbidity at pH 4.85  -4- 0.03. 
4.  Very  dilute  suspensions  of  collodion  particles  in  0.1  per  cent 
gelatin solutions made  up in acetate buffers showed zero velocity in 
cataphoresis experiments only at pH 4.80  +  0.01. 
No  evidence was  found for  the  assumption  that  gelatin has  two 
isoelectric points at widely separated pH values. 
It is concluded that the isoelectric point of this standard gelatin is 
not far from pH 4.85. 
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